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ABSTRACT The current study investigated Tomentin-A as an inhibitory agent against lung cancer cells. Tomentin-
inducing antiproliferative effects on the A549 cisplatin-resistant NSCLC line were examined using an MTT test,
revealing cell colonies through microscopy. Apoptosis-inducing activity was assessed via DAPI labelling and Western
blotting, while intracellular-ROS and mitochondrial-membrane-potential were measured using DCFH-DA and Rh-123
assays. Migration and invasion were evaluated using transwell assays, and Western blotting explored Tomentin-A’s
regulation of the Ras/Raf/MEK/ERK pathway. Results showed that Tomentin substantially (p<0.05) suppressed A549
drug-resistant NSCLC cell growth and targeted colonies dose-dependently. DNA condensation and fragmentation were
observed in nuclear morphology after DAPI labelling, while ROS and MMP assays indicated oxidative stress-induced
cell death. Migration and invasion investigations demonstrated Tomentin’s strong inhibitory effects, and Western
blotting showed considerable downregulation of phosphorylated Ras, Raf, MEK, and ERK. These findings highlight
Tomentin’s potential as a multifunctional treatment for drug-resistant NSCLC, warranting further clinical investigation.
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 INTRODUCTION

Cancer remains a substantial challenge to hu-
man well-being, and lung cancer is particularly
noteworthy for its impact on morbidity and mortal-
ity on a global scale. While chemotherapeutic
agents, such as cisplatin, have significantly im-
proved treatment outcomes (Chhikara and Parang
2023; Siegel et al. 2023), the persistent challenge of
drug resistance poses a substantial hurdle in sus-
taining long-term therapeutic efficacy. In this intri-
cate environment, there has been a growing focus
on natural compounds as possible solutions to
combat drug resistance and strengthen the fight
against cancer (Khursheed et al. 2021; Khursheed
and Jain 2021). Tomentin-A, a compound derived
from natural sources, has gained attention for its
potential therapeutic properties.

The intricate interplay between carcinoma cells
and their neighbouring milieu, combined with the
ability of cancerous populations to adapt, leads to
the emergence of resistance against chemothera-
py drugs. Cisplatin, a crucial component to target

lung cancer, highlights the ongoing issue of drug
resistance. This calls for the need to explore alter-
native approaches to overcome this significant
hurdle. In the pursuit of new therapeutic possibil-
ities, Tomentin-A has emerged as a promising
contender, displaying distinctive qualities that warrant
in-depth exploration.

Sphaeralcea angustifolia, commonly known
as “vara de San José” in Mexico, belongs to the
Malvaceae family (Pérez-Hernández et al. 2019;
Meckes-Fischer and Nicasio-Torres 2023). Ethno-
botanical knowledge highlights its traditional use
in treating inflammatory processes and wound
healing. The CH2Cl2 extract from the plant’s aerial
parts has shown notable anti-inflammatory activi-
ty in mice and rats during acute and chronic phas-
es, with evidence of cytokine regulation (Reyes-
Pérez et al. 2022). Scopoletin was pinpointed as the
bioactive compound, alongside the later discov-
ery of the monoterpene loliolide in the methanolic
extract. Despite its endangered status in Mexico,
Sphaeralcea angustifolia continues to be valued
for its medicinal properties, particularly its anti-
inflammatory effects. Recent research on suspen-
sion-cultured cells isolated two compounds, to-
mentin and sphaeralcic acid, both demonstrating
anti-inflammatory properties (Serrano-Román et al.
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2020). Tomentin inhibited footpad edema by 58
percent, while sphaeralcic acid achieved a 66 per-
cent inhibition at a dose of 45 mg/kg. Local applica-
tion of such compounds also exhibited significant
inhibitory effects on auricular edema formation, un-
derscoring their potential therapeutic significance
in addressing inflammatory conditions.

Oxidative stress in cancer is a complex, exten-
sively researched phenomenon involving a dis-
ruption in the equilibrium between the generation
of ROS and the body’s ability to effectively detox-
ify or repair the ensuing damage (Hayes et al. 2020;
Arfin et al. 2021). Elevated ROS levels induce oxi-
dative stress, contributing to DNA mutations, pro-
tein damage, and lipid peroxidation, crucial in can-
cer initiation and progression. Chronic oxidative
stress promotes inflammation, activates signalling
pathways supporting cancer cell survival and pro-
liferation, while compromising immune surveillance
(Jelic et al. 2021; Alhamzah et al. 2023). Additional-
ly, oxidative stress is implicated in angiogenesis,
metastasis, and apoptosis resistance, key in tu-
mour development. Understanding this intricate
interplay has spurred ongoing research for antiox-
idant-based therapeutic strategies to effectively
mitigate oxidative damage, presenting potential
avenues for cancer prevention and treatment.

Apoptosis, a fundamental cellular process,
entails programmed cell death crucial for tissue
homeostasis and the removal of damaged cells.
This highly regulated mechanism involves caspase
activation, DNA fragmentation, and membrane
blebbing. Playing a pivotal role in embryonic de-
velopment, immune system regulation, and cancer
defence, apoptosis ensures controlled elimination,
preventing uncontrolled proliferation and maintain-
ing cellular health (Carneiro and El-Deiry 2020; Gao
et al. 2020; Singh and Lim 2022). The Ras/Raf/MEK/
ERK pathway serves as a pivotal signalling cas-
cade that governs various cellular processes, such
as survival, differentiation, and growth. Triggered
by environmental cues, such as growth factors, it
sequentially activates Ras, Raf, MEK, and ERK.
Dysregulation, notably in cancer, leads to uncon-
trolled proliferation (Degirmenci et al. 2020). A prime
therapeutic target, interventions aim to modulate
aberrant signalling, halting disease progression.
Crucial for cellular bioenergetics and apoptosis
regulation, the MMP is an internal mitochondrial
electrochemical gradient. Generated during elec-
tron transport, disruption is an early apoptosis

hallmark, triggering pro-apoptotic factor release.
Reflecting mitochondrial health, changes impact
cellular energy production, crucial in understand-
ing the intricate balance between cell survival and
death. Monitoring this potential provides insights
into stress responses and apoptosis (Gao et al. 2020).

Objectives

This in-depth analysis seeks to uncover the
complex effects of Tomentin-A on lung cancer cells
that are resistant to cisplatin. Through an in-depth
exploration of the complex molecular mechanisms
that drive its antiproliferative effects, the goal is to
offer a comprehensive understanding of the com-
pound’s prospective as a phytopharmaceutical
agent. With its ability to induce oxidative stress
and modulate critical cellular pathways, Tomentin-
A emerges as a highly versatile candidate worthy of
further investigation. Understanding its impact on
apoptosis, migration, invasion, and MMP activity
enhances its potential uses in cancer treatment.

MATERIAL  AND  METHODS

Cell Culture

The A549 cell line, a model for cisplatin-resis-
tant non-small cell lung cancer (NSCLC), was ac-
quired from the American Type Culture Collection
(USA) and cultivated in RPMI-1640 medium sup-
plemented with 10 percent FBS and penicillin/strep-
tomycin (p/s) at 100 units/ml. The cells were main-
tained at 37°C in a controlled humidified atmosphere
with 5 percent CO2. To assess the impact of To-
mentin-A, a chemical of interest, it was precisely
dissolved in DMSO at 0 to 160 M. The resulting
Tomentin-A solutions were methodically adminis-
tered to the cultured cells during an incubation
period of either 24 or 48 hours, in accordance with
experimental design and stringent adherence to
established protocols.

MTT Assay

A549 cells (5,000 cells per well) were seeded
into a 96-well plate a day prior to the initiation of
Tomentin treatment. Subsequent to the treatment,
cellular proliferation was facilitated for either 24 or
48 hours. Following this incubation period with
Tomentin, MTT (0.5 mg/ml) was introduced to the
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wells and incubated at 37°C for 1 hour. Subsequent-
ly, the formazan crystals formed were dissolved
with 100 l of DMSO. The samples were assessed
for absorbance at 570 nm using a Multiskan GO
spectrophotometer from Thermo Scientific (Finland).
In the assessment of relative cell viability, reference
was made to the negative control containing 0 M
Tomentin-A in DMSO.

Clonogenic Assay

For the clonogenic assay, A549 cells (1,000
cells/well) were initially plated into six-well plates
one day before treatment with Tomentin. Follow-
ing treatment, the cultures were allowed to prolif-
erate for 10-14 days. For visualisation and manual
counting, colonies were fixed and stained with
methanol and crystal violet, respectively. After
counting colonies with 50 cells or more, the sur-
viving percentage was determined by comparing
it to the control group that was left untreated. The
assay was performed in triplicate, and the results were
analysed to determine the clonogenic potential of
A549 cells following Tomentin treatment.

DAPI Staining

DAPI staining was employed to assess apop-
tosis in A549 cells following exposure to Tomen-
tin. The A549 cells were treated with Tomentin for
48 hours at concentrations of 0, 20, 80, and 160
M. After the 48-hour incubation period, cells were
washed with PBS and fixed at 4°C in a 3:1 metha-
nol/acetic acid fixing solution. For nuclear visuali-
sation, cells were initially rinsed with PBS and sub-
sequently stained in the dark for 30 minutes with a
10 mol/L working solution of DAPI. After the treat-
ment period, cells were washed with PBS, and ap-
optotic nuclear morphological changes were ob-
served under a fluorescence microscope. Addition-
ally, bright-field microscopy was utilised to inves-
tigate morphological alterations following expo-
sure to Tomentin. This assay was conducted in
triplicate to assess the impact of Tomentin on nu-
clear morphology and potential apoptotic changes
in A549 cells.

ROS Estimation

The DCFH-DA assay was employed for as-
sessment of the production of reactive oxygen
species (ROS) as indicative marker of apoptosis in
A549 cells administered with Tomentin-A. 1 × 105

cells were seeded to six-well plate for incubation over-
night to establish their morphological characteristics.
Subsequently, the cells were exposed to Tomentin at
concentrations of 0, 20, 80, and 160 M. Following a
48-hour incubation period, PBS was utilised for cell
washing, and 10 mol/L DCFDA dye solution was
added for a 20-minute incubation. After another round
of PBS washing, fluorescent images were recorded
with a fluorescence microscope to visualise the ROS
levels. This assay, performed in triplicate for assess-
ment of Tomentin on ROS production, a key indicator
of apoptosis, in A549 cells.

MMP Assessment

Mitochondrial membrane potential was as-
sessed using Rh123 staining in the context of this
study. A549 cells, subjected to varying concentra-
tions of Tomentin (0, 20, 80, and 160 M) for 48
hours, were harvested, washed, and incubated with
10 M Rh123 for 30 minutes at 37°C in the absence
of light. The mean values from triplicate experiments
were subsequently calculated, providing insights
into the impact of Tomentin-A on mitochondrial
membrane potential in A549 cells.

Migration and Invasion Assays were Conducted
to Assess the Impact of Tomentin on A549 Cells

For the migration assay a modified Boyden
chamber with an 8-µm pore size was employed.
The upper chamber in a 24-well Transwell insert
was filled with a total of 1.0×105 A549 cells sus-
pended in 100 l serum-free medium. At the same
time, 600 l culture medium (DMEM) with 10 per-
cent FBS, as well as different amounts of Tomentin
at various concentrations (0, 20, 40 and 160 M),
were put into the lower chamber. After that, for 48
hours, the cells were kept at 37°C. The cells that had
migrated to the bottom of the Transwell were then
fixed in 100 percent methanol and stained with 0.5
percent crystal violet for 15 minutes at room tempera-
ture to get the desired hue. Images of migrated cells in
three randomly chosen fields were collected and ex-
amined under a light microscope after non-migrated
cells on the top surface were obliterated.

A 24-well Transwell plate was prepared for the
invasion experiment by applying Matrigel (BD Bio-
sciences) to the top chamber and then incubating
it at 37°C to polymerize it. There was 600 l of
DMEM medium with 10 percent FBS in the bottom
chamber. Introduced into the top chamber were
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A549 cells (1.0×105) in 100 µl serum-free media,
which were then treated with Tomentin at different
doses. Similar to the migration experiment, the in-
vasion assay was carried out after a 48-hour incu-
bation period at 37°C. The rate of invasion inhibi-
tion was determined by counting invading cells in
three replicas for each well.

Western Blotting

To reveal the protein-level molecular conse-
quences of Tomentin on the Ras/Raf/MEK/ERK
pathway, Western blot analysis was performed on
A549 cells. Total proteins from A549 cells treated
with Tomentin were extracted using a lysis buffer.
The targeted proteins, including Ras, phosphory-
lated Ras (p-Ras), Raf, phosphorylated Raf (p-Raf),
MEK, phosphorylated MEK (p-MEK), ERK, and
phosphorylated ERK (p-ERK), were separated us-
ing denaturing SDS-PAGE and with subsequent
transfer onto a PVDF membrane. Following trans-
fer, the PVDF membrane was blocked and incubat-
ed with antibodies specific to p-Ras, Ras, p-Raf,
Raf, p-MEK, MEK, p-ERK and ERK. Subsequent-
ly, secondary antibody incubation was performed,
and visualising the proteins of interest was
achieved through the application of an enhanced
chemiluminescence kit. The chemiluminescent sig-
nals were then detected using a chemilumines-
cence analyser. This targeted analysis aimed to
reveal alterations in the levels of p-Ras, Ras, p-Raf,
Raf, p-MEK, MEK, p-ERK and ERK in response to
Tomentin treatment in A549 cells.

Statistical Analysis

Experimental data was statistically analysed
using GraphPad software. Results were presented as
mean ± standard deviation and group comparisons
using the Student’s t-test, which indicated statistical
significance between groups with a two-tailed
significance set at P<0.05.

RESULTS

Targeting of Proliferation and Colony Formation
by Tomentin

The outcomes of the MTT assay indicated
how Tomentin influenced the viability of A549 cells
during both 24-hour and 48-hour intervals. After
24 hours of treatment, the cell viability exhibited a

concentration-dependent decline, with percentag-
es decreasing from 97 percent (control) to 16 per-
cent at 160 ìM. This trend intensified after 48 hours,
where the control viability remained high at 92 per-
cent, but the viability at 160 ìM precipitously
dropped to 4 percent as evident from Figure 1. The
observed decrease in cell viability signifies a time-
dependent and dose-dependent effect of Tomen-
tin, suggesting its potential influence on A549 cell
survival and proliferation. These findings under-
score the importance of considering both concen-
tration and exposure duration in assessing the im-
pact of Tomentin on cellular viability in the context
of A549 cells.

The clonogenic assay reveals a discernible
dose-dependent inhibition of colony formation in
A549 cells following Tomentin treatment. The ob-
served reduction in colony formation in Figure 2
becomes increasingly evident with ascending con-
centrations of Tomentin (0, 20, 80, and 160 M).
This underscores the compound’s capacity to in-
fluence and impede the ability of A549 cells to form
colonies within this specific timeframe, highlighting
the significance of concentration in modulating
clonogenic potential.

Apoptosis Induction

The DAPI staining assay provided detailed
insights into the cellular response to Tomentin A
treatment. The results showcased in Figure 3 re-
port notable phenomena of nuclear disintegration
including DNA fragmentation and condensation,
indicating the induction of apoptosis. Importantly,
this effect manifested in a manner dependent on
the administered dose, suggesting that higher con-
centrations of Tomentin A led to a more pro-
nounced and widespread apoptotic response. The
DAPI staining, which specifically binds to DNA and
highlights nuclear morphology, served as a reliable
marker for apoptosis induction. The findings un-
derscore the potential of Tomentin A to modulate
cellular processes, particularly apoptosis, and high-
light the importance of dosage in influencing its
impact on nuclear integrity and cell fate.

Targeting of Migration and Invasion by Tomentin

The results from both the Transwell migration
and invasion assays, particularly with the incor-
poration of Matrigel in the invasion assay, dis-
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Fig. 1. Effects of Tomentin on A549 Cell Viability: The MTT assay results depict the influence of Tomentin on
the viability of A549 cells over 24 and 48 hours. Following 24 hours of treatment, a concentration-dependent
decline in cell viability is evident, with percentages decreasing from 97% (control) to 16% at 160 ìM. This
decline intensifies after 48 hours, as the control viability remains high at 92%, contrasting sharply with the
viability at 160 ìM, which precipitously drops to 4% (p<0.05)

Fig. 2. The clonogenic assay demonstrates a noticeable dose-dependent inhibition of colony formation in A549
cells upon Tomentin treatment. The discernible reduction in colony formation becomes increasingly evident
with ascending concentrations of Tomentin (0, 20, 80, and 160 ìM)
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tinctly demonstrate the dose and time-dependent
inhibition exerted by Tomentin on the migratory
capabilities and invasive potential of A549 cells.

In the Transwell migration assay conducted
for 48 hours, the number of migrated cells decreased
progressively with increasing concentrations of
Tomentin-A (0, 20, 80, and 160 M) as illustrated
from Figure 4. This observation supports the no-
tion that Tomentin induces a dose-dependent in-
hibition of cell migration. Moreover, in the inva-
sion assay, where Matrigel was utilised to mimic a
more complex extracellular matrix, Tomentin exhib-
ited a dose-dependent reduction in the number of
invading cells after 48 hours. The inhibitory effect

on invasion reported in Figure 5 becomes more
apparent with higher concentrations of Tomentin
(0, 20, 80, and 160 ìM), indicating a significant
impediment to the invasive capacity of A549 cells.

These findings collectively underscore the
ability of Tomentin to dose and time-dependently
inhibit both migration and invasion of A549 cells,
revealing its potential as a modulator of these critical
cellular processes.

Fig. 3. Tomentin A-induced Apoptosis: DAPI staining
assay reveals dose-dependent nuclear disintegration,
DNA fragmentation, and chromatin condensation in
A549 cells treated with Tomentin A at concentrations
of 0, 20, 80 and 160 µM

Fig. 4. Tomentin-induced Inhibition of Cell Migration:
In the 48-hour Transwell migration assay, the number
of migrated cells progressively decreases with increasing
concentrations of Tomentin (0, 20, 80, and 160 ìM). This
observation supports the concept that Tomentin induces
a dose-dependent inhibition of cell migration

Fig. 5. Tomentin Inhibits Cell Invasion: Tomentin shows
a dose-dependent reduction in invaded cells in a 48-hour
invasion assay using Matrigel. Higher concentrations (0,
20, 80, and 160 ìM) significantly impede A549 cell invasion
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Targeting of ROS Formation by Tomentin

The DCFH-DA assay in A549 cells demonstrat-
ed a dose and time-dependent elevation in ROS
production induced by Tomentin. A total of 1 × 105

cells were treated with Tomentin concentrations
(0, 20, 80, and 160 M) for 48 hours. Following
incubation, DCFDA dye revealed increasing fluo-
rescence as shown in Figure 6, indicative of rising
ROS levels, with higher Tomentin concentrations.
Images captured using a fluorescence microscope
portrayed a clear, concentration-dependent en-
hancement in ROS production. The assay, con-
ducted in triplicate, provides robust evidence of
Tomentin’s influence on cellular oxidative stress,
further emphasising its potential role in modulating
apoptosis-related pathways in A549 cells.

Targeting of MMP by Tomentin

The assessment of MMP through Rh123 stain-
ing reveals a clear and dose-dependent impact of
Tomentin on MMP loss in A549 cells. Cells ex-
posed to Tomentin concentrations (0, 20, 80, and
160 M) for 48 hours exhibited a gradual decline in
MMP, as indicated by reduced Rh123 staining.
The quantification of mean values from triplicate

experiments demonstrated a notable and dose-de-
pendent decrease in MMP levels, illustrated in Fig-
ure 7, with increasing concentrations of Tomentin.
This outcome underscores the compound’s abili-
ty to induce time and dose-dependent disruption of
mitochondrial membrane potential in A549 cells, sug-
gesting a potential role in influencing mitochondrial
function and cellular homeostasis.

Targeting of Ras/Raf/MEK/ERK Pathway
by Tomentin

The Western blot analysis of A549 cells treat-
ed with Tomentin provided insights into the mo-
lecular impact on the Ras/Raf/MEK/ERK pathway
at the protein level. The results demonstrated in
Figure 8, show a distinctive pattern in the expres-
sion of phosphorylated proteins compared to their
non-phosphorylated counterparts. Specifically,
Ras, Raf, MEK, and ERK proteins exhibited con-
sistent expression levels, indicating minimal change
in their non-phosphorylated states in response to
Tomentin treatment. Conversely, the phosphory-
lated forms displayed a discernible increase in ex-
pression, highlighting a clear upregulation of phos-
phorylation events in the pathway. This targeted
analysis effectively underscores Tomentin’s im-

Fig. 6. Tomentin Induces ROS in A549 Cells: Tomentin treatment (0, 20, 80, and 160 ìM) for 48 hours shows
a dose and time-dependent increase in ROS levels in A549 cells, as evidenced by DCFDA dye fluorescence.
Fluorescence microscopy confirms a concentration-dependent rise in ROS production, emphasizing
Tomentin’s impact on cellular oxidative stress. (p<0.05)
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pact on the activation of key signalling proteins
through enhanced phosphorylation, suggesting a
selective modulation of the phosphorylated com-
ponents within the pathway while leaving the
non-phosphorylated forms relatively unaffected.

DISCUSSION

The comprehensive analysis of Tomentin’s ef-
fects on A549 lung cancer cells provides valuable
insights into its multifaceted impact on key cellular
processes. The study employed a variety of as-
says to investigate Tomentin’s influence on cell
viability, clonogenic potential, apoptosis induc-
tion, migration, invasion, ROS formation, MMP,
and the Ras/Raf/MEK/ERK pathway. The results,
considered in the context of existing literature, of-
fer a nuanced understanding of Tomentin’s potential
as a modulator of cancer-related pathways.

The substantial interest in natural products
owing to their propensity of combating the prolif-
eration of carcinoma cells has led this research on
Tomentin to align with this broader goal. An abun-
dance of naturally derived compounds sourced
from a diverse array of organisms, encompassing
plants, fungi, and marine organisms, have demon-
strated anti-proliferative effects on cancer cells
(Mukherjee et al. 2001; Siu 2011; Deng et al. 2020).
These bioactive molecules often interfere with sig-
nificant cellular processes, comprising DNA syn-
thesis, cell cycle regulation, and mitosis, ultimate-
ly leading to the inhibition of cancer cell prolifera-
tion (Tewari et al. 2022; Sajadimajd et al. 2020). The
diverse chemical structures of natural products
contribute to their versatility in targeting different
molecular pathways involved in cancer cell growth.
Herein, the MTT assay revealed a time and dose-
dependent impact of Tomentin on A549 cell viabil-
ity. After 24 hours, a concentration-dependent de-
cline in viability was evident, further intensifying
after 48 hours. This aligns with existing literature
suggesting the importance of exposure duration
and compound concentration in influencing cell
survival and proliferation. The observed decrease
in viability underscores Tomentin’s potential as an
antiproliferative agent. The clonogenic assay rein-
forced the MTT findings, emphasising Tomentin’s
capacity to dose-dependently inhibit colony for-
mation in A549 cells. This corroborates literature
indicating the significance of clonogenic assays
in assessing the long-term impact of treatments on

Fig. 7. Decreased fluorescence intensity of tomentin-
A treated cells indicative of loss of mitochondrial
membrane potential in cancer cells with increase
in the concentration of the tested molecule. Rh-
123 staining dye was used as a staining agent and
images were captured by a fluorescence microscope

Fig. 8. Tomentin-A Modulates Phosphorylation in Ras/
Raf/MEK/ERK Pathway: Western blot analysis reveals
Tomentin-A induced upregulation of phosphorylated
forms (p-Ras, p-Raf, p-MEK, p-ERK) in the Ras/Raf/
MEK/ERK pathway, highlighting selective modulation
of phosphorylated components
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cell survival and proliferation (Adan et al. 2016).
Tomentin’s ability to modulate clonogenic poten-
tial further supports its potential as an anti-cancer
agent. The DAPI staining assay elucidated To-
mentin’s role in apoptosis induction. The observed
nuclear alterations, including DNA fragmentation
and condensation, highlight Tomentin’s pro-apo-
ptotic effects in a dose-dependent manner. This
aligns with literature suggesting that compounds
inducing nuclear changes may trigger apoptosis-
related pathways, indicating Tomentin’s potential
as an apoptosis-modulating agent (Wang et al.
2020). The findings demonstrated Tomentin’s dose
and time-dependent inhibition of A549 cell migra-
tion and invasion. These findings align with litera-
ture emphasising the importance of assessing both
migration and invasion to comprehensively un-
derstand a compound’s anti-metastatic potential
(Abdullah et al. 2021). Tomentin’s inhibitory ef-
fects on migration and invasion suggest its poten-
tial as a metastasis-modulating agent. The DCFH-
DA assay provided evidence of Tomentin-induced
ROS production in a manner dependent on the
administered dose. Increased ROS levels are often
associated with apoptosis induction, supporting
the DAPI staining results (Gao et al. 2020). Litera-
ture supports the link between ROS generation
and apoptosis, further highlighting Tomentin’s
potential in modulating apoptosis-related path-
ways through oxidative stress (Slika et al. 2022).
The Rh123 staining assay demonstrated Tomen-
tin’s dose-dependent impact on MMP loss in A549
cells. The disruption of mitochondrial membrane
potential suggests potential effects on mitochon-
drial function and cellular homeostasis (Liao et al.
2021). Existing literature supports the significance
of MMP loss in apoptotic processes, indicating
Tomentin’s potential in modulating mitochondrial
integrity (Hinz and Lagares 2020). The Western
blot analysis of the Ras/Raf/MEK/ERK pathway
revealed a selective impact of Tomentin on phos-
phorylated proteins. While non-phosphorylated
proteins showed minimal changes, phosphorylat-
ed forms exhibited increased expression, indicat-
ing enhanced phosphorylation events. Literature
supports the role of phosphorylation in signalling
pathways, suggesting that Tomentin may selec-
tively modulate specific components within the
Ras/Raf/MEK/ERK pathway.

CONCLUSION

In conclusion, the study provides a compre-
hensive exploration of Tomentin’s effects on A549
cells, shedding light on its potential as a modula-
tor of crucial cellular processes. The observed time
and dose-dependent impacts on viability, clono-
genic potential, apoptosis induction, migration,
invasion, ROS production, MMP loss, and the Ras/
Raf/MEK/ERK pathway align with existing litera-
ture, supporting further investigation into Tomentin’s
therapeutic potential in lung cancer treatment.

RECOMMENDATIONS

The study’s findings contribute valuable in-
formation to the growing body of research on nat-
ural compounds with anti-cancer properties and
suggested Tomentin A as a multifaceted therapeutic
agent against drug-resistant NSCLC, warranting
further exploration of its clinical applications.
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